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Chapter 7:  Potential for Higher Ethanol Blends in Finished Gasoline 
Paul Gallagher 
James A. Duffield 
 
 
Flexible fuel vehicles (FFVs) are built to use gasoline or E85, a gasoline blend containing 51 
percent to 83 percent ethanol, typically about 70 percent ethanol.  Durable fuel system materials 
protect against metal corrosion and plastic deterioration and protect catalytic converter 
performance when using highly concentrated ethanol. Also, a computer in FFVs adjusts the 
fuel/air ratio level to accommodate high ethanol concentrations.  FFVs are also equipped with 
special fuel injectors that have higher volume capacity (Reynolds, p.27).   
 
There are 17.4 million FFVs on U.S. roads today (Alternative Fuels Data Center-a).   These 
vehicles are probably using about 7 billion gallons of fuel per year, based on the EIA’s average 
fuel consumption rate of 666 gallons/vehicle.  However, these vehicles run mostly on gasoline 
for two simple reasons.  First, availability of E85 at service stations is limited. Nationally, only 
1.6 percent of gas stations sell E85—2,603 stations with E85 out of approximately 160,000 
stations (Alternative Fuels Data Center-a).  However, E85 infrastructure has been developed in 
the upper Midwest, including Minnesota, Wisconsin, Michigan, Ohio, Indiana, Iowa, Nebraska, 
Eastern North Dakota, and Eastern South Dakota (Moriarity).  Further, 12 percent of 
Minnesota’s stations and 8 percent of Iowa’s stations offered E85 in 2012 (Liu and Greene). 
Many gasoline retailers have made a sizeable investment in corrosion-resistant pumps and 
storage tanks in order to sell E85.  Federal subsidies, tax credits up to 30 percent of installation 
costs, and investment subsidies for small communities have helped and should continue to grow 
this market (Moriarty).   With regard to Federal programs, USDA has been the lead Federal 
Agency on funding the installation of blender pumps.  In 2011, USDA initiated a grant program, 
under the Renewable Energy for America Program (REAP), to fund ethanol blender pumps 
nationwide.  In June, 2015, USDA announced the creation of new program called the Biofuel 
Infrastructure Partnership offering up to $100 million in competitive grants, matched by States, 
to expand the infrastructure for distribution of higher blends of renewable fuel (e.g., E15 and 
E85). 
     
The second reason why most FFV owners do not use E85 is fuel economy loss (FEL) associated 
with switching from gasoline to E85.   Results from EPA’s fuel economy testing indicate that the 
average FEL for three popular 2014 FFVs (Ford Focus, Chevy Equinox, Ford Taurus) running 
on E85 is 25 percent, aligning exactly with heat content (Environmental Protection Agency, 
2013).  So, auto owners may find it too costly to switch from gasoline to E85 at historic E85 
pricing.  After adjusting for ethanol’s lower heat value, the national average retail price of E85 
has consistently been higher than the price of gasoline between 2000 and 2013 (Alternative Fuels 
Data Center-b).  As discussed above, the higher cost of operating an FFV on E85 has hampered 
its demand.   
 
In the immediate run, regulations, marketing, technology investment, and physical limitations are 
daunting barriers to higher ethanol concentration in gasoline blends.  Consequently, the EPA has 
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determined that the markets for E15 and E85 are not large enough to have a significant effect on 
the blend wall in the next few years, and it proposed a reduction in the renewable fuel standard 
(Federal Register, 2015).  Nonetheless, there are several reasons to expect improving 
competitiveness of E15 and E85 in the intermediate run and the long run. 
 
First, compare wholesale prices of gasoline with weighted averages of gasoline and ethanol 
prices that are expressed in gasoline per gallon equivalent (GGE). These comparisons indicate 
consumer gains due to substituting blended fuels for gasoline, if the wholesale-retail margin is 
the same for gasoline and blended fuel.  In this fashion, the analysis can focus on prices and 
values in the underlying commodity markets and remove the short-run effects of acquisition of 
E85 vehicles, fueling station investments, and temporary regulation.  
 
The wholesale price comparison of gasoline (E0), E15, and E85 for Iowa is shown in Figure 7.1.  
The gasoline-equivalent conversion factors are 1.04 gallons for E15 and 1.3 gallons for E85, 
respectively.  The fuel economy loss for E15 reflects the top half of cars tested in a recent DOE 
study (West, et al).  The fuel economy loss for E85 reflects ethanol’s heat content.  For E15, the 
weighted-average price is 15 percent of the wholesale ethanol price.  For E85, the weighted 
average price is 70 percent of the wholesale ethanol price and 30 percent of the wholesale 
gasoline price. The implied wholesale price for E15 has been consistently competitive with 
gasoline.  Partly, this occurs because the FEL is smaller than heat content for intermediate 
concentrations. 
 
 
Figure 7.1.  Wholesale fuel prices in Iowa, 1/1095 – 2014
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The effective E85 price (based on an ethanol price that excludes subsidies) has generally been 
$0.50 gasoline per gallon equivalent (GGE) or more above the gasoline price. But the gap has 
narrowed since 2010.  In January 2014, the gasoline advantage has declined to $0.17/GGE.  
Further, a decline in ethanol price to production cost ($1.54/gallon) would yield a $0.39/GGE 
advantage for E85.  In fact, some fuel retailers in Iowa were selling E85 at advantageous prices 
in January 2014.  At one station, the price of regular unleaded was $3.22/gallon.  The E85 price 
was $2.49/gallon, or $3.24/GGE.  The gasoline advantage was only $0.02 per gallon.   
 
In the intermediate run, consumers may learn to use higher concentrations of ethanol more 
effectively, possibly by diluting E85 with more gasoline.  In particular, there are a few studies 
suggesting that ethanol blends may perform best with concentrations in the E30 neighborhood. 
For instance, one study found a 5-percent FEL when the ethanol concentration was 27 percent 
(Chandler, et al).  Shockey and Aulich actually obtained a 15-percent increase in fuel economy 
with one FFV on a 20-percent ethanol blend (see Shockey and Aulich, appendix page 4).  The 
average FEL on E30 with other vehicles in the study was only 3.9 percent, instead of the 10 
percent associated with the heat content loss.  This result suggests that ethanol use in the E30 
range may be able to replace straight gasoline with very little effect on FEL and could also be 
sold at a discount.   
 
Presently, the engines in flex-fuel vehicles are only partially modified to use E85. Engines could 
be designed to utilize ethanol’s properties more effectively.  One manufacturer has sold a vehicle 
designed to run mainly on ethanol using a higher compression engine to exploit ethanol’s high 
octane level and a turbocharger for more horsepower (Green Car Congress, March, 2007). Other 
research in this direction offers the possibility of reduced fuel consumption by also reducing 
engine size and otherwise adjusting fuel to power needs (Green Car Congress, April, 2007).  
Some engine prototypes use ethanol sparingly, only when high power is required, and switch to 
gasoline at lower power demands (Ford Motor Company).   Future engine designs could improve 
ethanol’s fuel efficiency at higher concentrations, reducing the cost of fueling combustion 
engines, and increase the demand for ethanol.     
 
 
Renewable Identification Numbers 
 
Renewable Identification Numbers (RINs) can also have an effect on the demand for higher 
ethanol blends.  Under the RFS program, credits called RINs are valid for compliance purposes 
for both the year in which they are generated and the following year.  A RIN is a 38-digit code 
associated with a gallon of biofuel that identifies and tracks biofuels used in the program for both 
credit trading and for compliance demonstration (Westcott and McPhail).  Ethanol made from 
corn is designated as a D6-RIN.  A RIN is separated from ethanol when it is blended with 
gasoline and turned into EPA for compliance purposes.  The regulation allows an obligated party 
(e.g., owners of an oil refiner) to meet some of its annual volume requirements using previous-
year, or “rollover,” RINs, capped at 20 percent.  Obligated parties that acquire ethanol in excess 
of their volume requirements may sell their leftover RINs or use them for future compliance.  
Obligated parties may also buy RINs directly, without purchasing ethanol.   
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D6-RINs were plentiful in the early years of the RFS, so their prices on the spot market remained 
flat, rarely rising above $0.10 per gallon, but more recently they have fluctuated significantly 
(Figure 7.2).  The dramatic climb in RIN prices beginning in December of 2012 may have been 
initially triggered by concerns over declining corn stocks due to the 2012 drought.  However, the 
continued run-up in RIN prices during the first half of 2013 was most likely related to 
uncertainty over the looming blend wall.  Obligated parties and other stakeholders voiced their 
concern that the E10-blend wall would become a major constraint to meeting the 2014 volume 
requirements for ethanol.  The blend wall was not a major issue in 2013 because there were 
enough carryover RINs available to displace any ethanol shortfall.  However, in anticipation of a 
tighter RIN market, ethanol RIN prices began to rise at the beginning of 2013.  In November of  
   Figure 7.2.  Daily spot ethanol RIN values, 4/25/2008 to 6/18/2015                                          
      
 
   Source: Oil Price Information Service. 
   Note:  RIN is a Renewable Identification Number.   
 
2012, ethanol RIN prices were less than $0.04 per gallon, but by the end of the following 
January, they climbed to over $0.26 per gallon.  RIN prices increased steadily throughout the 
first half of 2013, peaking at $1.46 per gallon in mid-July, but soon thereafter, took a rapid 
decline (Figure 7.2).  The downward slide in RIN prices did not end until November 2013, when 
they bottomed out at around $0.18 per gallon.  There were probably several factors behind the 
plunge in RIN prices, but it is very likely that expectations over EPA’s pending ruling on 
lowering the 2014 RFS volume requirements played a major role (FarmdocDaily-b).  However, 
the delay and uncertainty in EPA's final ruling on 2014 RFS volume requirements has created 
much volatility in the RIN market throughout 2014 and thus far in 2015 (Figure 7.2).  See 
Chapter 8 for details on EPA's proposed rule for 2014, 2015, and 2016 RFS ethanol volumes. 
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Most obligated parties, which are primarily oil companies, do not produce ethanol themselves, so 
they usually obtain RINs by purchasing ethanol.  When the ethanol is blended with gasoline, the 
RINs can be detached and used for compliance purposes, held for future use, or sold.  Traders 
have developed markets for obligated parties and others to buy and sell RINs.  As shown in 
Figure 7.2, RIN prices have become very volatile, for reasons discussed above.  When RIN 
prices skyrocketed in the summer of 2013, many obligated parties, including petroleum 
companies, argued that the RFS mandates should be eliminated or at least reduced.  Others 
claimed that the 2014 ethanol mandate could be met with 13 billion gallons of E10, along with 
increased consumption of higher ethanol blends, and carryover RINs from 2013 (Babcock and 
Pouliot).  Although, EPA is in the process of adjusting the 2014 requirement downward, it is 
likely that the original corn-ethanol mandate of 14.4 billion gallons could have been met.   
 
Higher RIN prices can be a signal that more renewable fuel is needed in the system to meet the 
RFS.   If D6-RIN prices are high enough, they can provide an incentive for marketers to sell 
higher blends of ethanol, if they are able to collect the RIN value.  Station owners are not 
generally obligated parties, so they can sell any RINs they obtain to increase their revenue.  
Theoretically, the RIN market could stimulate demand and increase investment in the equipment 
needed to sell large quantities of higher ethanol blends.  Maintaining the RFS volume 
requirements could eventually cause a RIN shortage, along with higher RIN prices, because the 
blend wall would limit E10 production below the mandates.  RIN prices could rise to a point 
where higher blend markets could become an attractive option for retailers to sell more ethanol 
and obtain high priced RINs, which can be sold to obligated parties.  However, higher blends, 
such as E15 and E85, have to be priced competitively with E10 (on a gasoline-equivalent basis) 
to entice consumers to purchase these fuels.  Retailers may be willing to discount E15 and E85 
prices, since they could be offset by high RIN values.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
